Plasma glucose and lipid concentrations and hepatic enzyme activiti es were measured in male ddY mice supplemented with the herb, Ec h e va ria gla uc a , to examine the effect of herbal treatm ent. In mice supplemented with the herb, plasma triglyceride (T G ) and free fatt y acid (FFA) concentrations decreased and hepatic glyc olytic enzyme and glutathione peroxidase (GSHpx) act ivities increased significantly compared with those in the nontreated control mice. T hese increases in hepatic enzyme activities were not fully dosedependent, however the higher dose and longer duration with herb supplement induced increases in the enzyme acti vities. It was found that dietary herb supplement caused an acceleration of hepatic function, judged by increased act ivities of glycolytic enzyme and GSHpx in ddY mice.
It has been reported that herbal medication is effective on lifestyle-related diseases such as obesity and diabetes mellitus (Liu e t a l. 1998) . In our previous report, herbal treatment improved lipid metabolism in streptozotocin-induced diabetic dogs (Arai e t a l. 1999) . Oriental medicine has recently been drawing attention as a traditional treatm ent effective for improving adverse health conditi ons, for normalizing the physical and mental functions of the body and for increasing the natural curing ability of the body. In the present study, plasma glucose and lipid concentrat ions and hepatic enzym e activities were measured in ddY mice supplemented with the herb to exam ine the effect of herbal treatm ent on glucose and lipid metabolism.
Materials and methods

Anim a ls
Eight-week-old male ddY mice purchased from Saitam a Experim ental Animal Supply Co. Ltd (Sugito, Japan ) were used. Animals were maintained in an air-c onditioned room with a tem perature of 23±25 C and subjected to a light schedule of 12 h light and 12 h darkness. T hey were provided with a pellet diet, MB-1 (Funabash i Farm Co. Ltd, Funabashi, Japan ) and tap water a d lib itu m before herb supplement was start ed. Animals were divided into three groups, a nontreated control and two herb supplemented groups which were supplemented with a low and high dosage of the herb, respectively. T he non-treat ed control group mice (nˆ8) were fed with MB-1 pellets through the experimental period for 4 weeks. Mice in each group were housed in the same polycarbonate cage through the experimental period.
He rb supple m e nt
Herb powder, Ec h e va ria gla uc a , which was kindly provided by Life Science Laboratory Inc. (Tokyo, Japan ), was mixed with MB-1 pellet, at low (0.02% ) and high (0.2% ) concentrations, respectively. Mean food intake was 2.5 g = day = mouse. In the herb supplemented groups, mice were considered to be supplemented with approximately 0.01 mg = g and 0.1 mg = g of body weight per day in the low and high dosage groups, respectively. In both the low and high dosage herb supplemented groups (nˆ20 ), 10 mice were supplemented with the herb for the ®rst 2 weeks and with MB-1 pellet only for the later 2 weeks (group I) and another 10 mice were maintained with MB-1 pellet with the herb for the whole 4 weeks (group II).
Sa m ple c o lle c tio n
Animals were sacri®ced by cervical section under ether inhalation. Blood was withdrawn into a heparinized tube from the jugular vein of the animal. Plasma was recovered by centrifugation at 4 C. T he livers were removed immediatel y from the sacri®ced animals and homogenized with 4 volumes of ST E solution (0.25 mol = l sucrose, 10 mmol = l Tris-HC1, pH 7.5, 2 mmol = l ethylene glycol tetraac etic acid) in a potter glass homogenizer. T he homogenate was centrifuged at 100 000 g for 60 min at 4 C, and the resulting supernatant was used as the hepatic cytosol enzyme extract solution.
Enzym e a c tivity a ssay
Activities of lact ate dehydrogenase (LDH) as cytosol marker enzym e, hexokinase (HK), glucokinase (GLK) and pyruvate kinase (PK) as rate limiting enzym es of glyc olysis, glucose-6-phosphate dehydrogenase (G6PD ) as a rate limiting enzyme of pentose phosphat e pathway, glutat hione peroxidase (GSHpx) as a representative scavenger for hydroperoxide, and glycerol kinase (GK) as a cat alytic enzyme of ®rst step of glycerol utilizati on were measured. T he enzym e activities were measured by previous reported methods: LDH (Kal oustian e t a l. 1969 ), HK and GLK (Vinuela e t a l. 1963 ), PK (Hess & Wieker 1974 ), G6PD (Bergmeyer e t a l. 1974 ), GSHpx (Nakam ura e t a l. 1974 ) and GK (Kennedy 1962 ) . All enzymatic analyses were conducted at 24±25 C. T he enzyme unit was de®ned as 1 mmol of substrate degraded per min. Protein concentrations in the enzyme extract solution were determined by the method of Bradford (1976 ) with bovine serum albumin as the standard.
O th e r a ssa ys
Plasma glucose concentrations were measured by the glucose-oxidase method (Hugget t & Nixon 1957 ) . Plasma im munoreactive insulin (IRI) concentrat ions were determ ined by the ELISA sandwich method described previously (Arai e t a l. 1989 ). Plasma FFA and triglyc eride (T G ) concentrations were measured by the commercial kits, NEFA-C Test Wak o (Wako Pure Chemical Industries, Tokyo, Japan ) and Triglyc eride-G Test Wako (Wako Pure Chemical Industries), respectively.
Sta tistic s
All values were presented as means SD. T he differences were analysed statistically by Student's t-test. P < 0.01 or P < 0.05 were considered stati stically signi®cant. Table 1 shows body weights and concentrations of plasm a glucose, IRI, FFA and T G of mice supplemented with the herb. T here were no signi®cant differences in body weights, plasma glucose and IRI concentrations between the non-treated control and the herb supplemented groups. In mice supplemented with a low dosage of the herb for 4 weeks (Low II group), plasma T G concentrations decreased signi®cantly compared with those in the control. T he FFA and T G concentrations in mice supplemented with a high dosage of the herb (High I and II group) were signi®cantly lower than those in the control. Hepatic enzyme activities in mice are shown in Table 2 . T here were no sig-ni®cant differences in LDH, G6PD and GK act ivities between the control and the herb supplemented groups. In Low II group, only HK activities increased signi®cantly compared with those in the control. In High I group, HK, PK and GSHpx activities were signi®cantly higher than those in the control. HK, GLK, PK and GSHpx activities in High II group were signi®cantly higher than those in the control.
Results
Discussion
Supplement of the herb caused acceleration of the hepatic function observed as an increase in glycolytic enzym e activit ies. Acceleration of hepatic function induced activation of glucose utilizat ion resulting in a decrease of plasma lipid concentrations. In our previous study with streptozotocininduced diabetic dogs, herb treatm ent remarkably im proved diabetic conditions by causing a recovery of hepatic function observed as a signi®cant decrease in plasma aminotransferase and T G concentrations (Arai e t a l. 1999). Especially signi®cant increases of HK activities were observed in mice supplemented with a low dosage of the herb for 4 weeks. In mice supplemented with a high dosage of the herb, activities of PK, GLK and GSHpx in additi on to HK increased remarkably. However these increases in enzym e activit ies were not fully dosedependent. High dosages of herb supplement caused early elevation but did not cause great er elevation in enzyme activities in proportion to the am ount of supplemented herb. In mice with higher dose and longer exposure to herb supplement, plasm a lipid concentrat ions decreased and hepatic glycolytic enzymes and GSHpx activities increased remarkably. Dosage and duration with herb supplement should be studied in detai l to clarify the effect of herb suplement in mice.
Magnesium ion is indispensable for the act ivati on of HK, GLK and PK. Selenium is recognized as a required nutrient and a constitut e of the enzyme GSHpx (Rotruck e t a l. 1972, 1973) . Supplement dietatry selenium Table 1 Plasma glucose, immunoreactive insulin (IRI), free fatty acid (FFA) and triglyceride (TG) concentrations in mice supplemented with the herb causes act ivation of GSHpx in tissues of anim als (Hafem an e t a l. 1974, Arai e t a l. 1994). Minerals such as magnesium and selenium contained in the herb may have important roles in increasing glycolytic enzyme and GSHpx in mice supplemented with the herb. It seems to be indicat ed that the minerals in the herb should be measured and compared with those in other herbs.
In the present study, ddY male mice were used as they are a popular strain of mouse and so as to eliminate the sex difference with plasma metaboli te concentrations and hepatic enzyme act ivities. ddY mice are not especially sensitive to herb supplement, and sex differences in sensitivity to the herb supplement have not been reported in animals. T he differences in sensitivity to the herb should be further studied in other mouse strains.
It was concluded that dietary herb supplement elevated hepatic glyc olyti c enzyme and GSHpx activities in mice in the present study. Activities of enzym es in glycolysis and sequential reactions and glutathi one-Stransferase coupling with GSHpx to scavenge active oxygen should be studied further, so as to investigate the role of herbs in the improvement of hepatic function in more mice supplemented with herbs.
